The aim of this study was to investigate the effect of the taper and space setting of using Ce-TZP/A on retentive force and secondary crown settling. The taper were 2°, 4°, and 6°, and the space settings were 0 and 10 μm. The applied loads were 50 and 100 N. The taper had a significant effect on retentive force and settling at both loads (p<0.05). The space settings did not have a significant effect on retentive force or settling at either load (p<0.05). The taper of the telescopic crowns and the load affected the retentive force and the settling.
INTRODUCTION
The telescopic crowns have been used as attachments for decades, and are a reliable type of treatment with favorable survival [1] [2] [3] [4] . While telescopic crowns using dental alloys have recently become more popular, these cannot be used in patients with metal allergies [5] [6] [7] . Moreover, to ensure an appropriate retentive force, the crowns must be fitted by experienced dental technicians, who check that the axis surfaces of the primary and secondary crowns are tightly fitted, and there are slight spaces between the occlusal surfaces of the primary and secondary crowns 8) . In the present study, the stability and technical accuracy of telescopic crowns made of dental zirconia were estimated, using a computer-aided design/computer-aided manufacturing (CAD/CAM), which have recently been attracting attention.
Generally, yttrium-stabilized tetragonal zirconia polycrystal (Y-TZP) is used for dental zirconia, but Y-TZP has a fatal flaw in that its strength deteriorates at low temperatures 9, 10) . A zirconia/alumina nanocomposite stabilized with cerium oxide (Ce-TZP/A) was developed to overcome this flaw. Ce-TZP/A has desirable mechanical qualities, and compared to Y-TZP, it has superior thermal stability and toughness, therefore it is in the spotlight as a new material candidate 11, 12) . This material has an interpenetrated intragranular nanostructure, in which either nanometer-sized Ce-TZP or Al 2O3 particles locate within submicron-sized Al2O3 or Ce-TZP grains, respectively. This material design makes it possible to strengthen the 10 mol% ceria-stabilized TZP matrix with 30 vol% Al 2O3. In comparison to Y-TZP, the Ce-TZP/A has a high biaxial flexure strength and toughness, along with satisfied durability in terms of low-temperature aging degradation in various aqueous conditions encountered in dentistry 9, 13) . Also, the disk of presintered Ce-TZP/A in this experiment was 98.3 mm in diameter, 14.0 mm in thickness, 1.204 in expansion coefficient. The shrinkage of the disk was 16.96% in outer diameter direction, 17.05% in thickness direction. Furthermore, the CAD/CAM is suitable for producing telescopic crown because the design of the dental prosthetics can be freely modified before production [14] [15] [16] [17] . A great deal of research has already been conducted on the retentive force of telescopic crowns dentures made using dental alloys [18] [19] [20] . In particular, it has been reported that the retentive force is reliant on the taper of the primary crown and the load, and if the taper is small or the load is large, the retentive force increases 19, 20) . This phenomenon is thought to be due to the wedge effect caused by the settling of the secondary crown, which affects the retentive force. Furthermore, the setting of the space between the primary crown and the inner surface of the secondary crown is also thought to affect the retentive force and the settling of the secondary crown.
The aim of this research was to investigate the effect of three different tapers and two different spaces on the retentive force and the settling of the secondary crown. The tested hypotheses were that the effect of taper and space settings of telescopic Ce-TZP/A crowns were crucial to retentive force and settling.
MATERIALS AND METHODS
The composition of the materials used in this study are listed in Table 1 . Ce-TZP/A was used for the primary crown and secondary crown. The primary crown morphology was defined according to the mean anatomical size of premolars and molars 21) , and values used in previous reports 16, 18, 19) . The primary crown was integrated with the abutment tooth. The design of primary crown was used for the CATIA software (Dassault Systemes, Vélizy-Villacoublay, France). The tooth cervix was an oblong shape with a major axis measuring 8 mm, and a minor axis measuring 6 mm. The vertical dimension was 6.5 mm with a flat top, and the corner between the axis surface and occlusal surface was rounded with a curvature radius of 0.65 mm. The shape of the tooth cervix margin had a deep chamfer form with a curvature radius of 0.8 mm. The taper was set as 2°, 4°, and 6°. Afterwards, each primary crown was milled (CAM250i, Panasonic Healthcare, Tokyo, Japan). A knob was allocated to one location as an indicator for the direction of secondary crown repositioning. One primary crown was produced for each of the taper. Sintering was then performed as per the manufacturer's instructions using a sintering furnace (inFire HTC, Sirona Dental Systems, St Leonards, NSW, Australia). The primary crown was sintered for about five hours to 1,450° and was held at 1,450° for two hours and was cooled naturally. The primary crowns got their precise taper of 2° , 4° and 6° by grounding and milling (Horico diamond point (2°), (4°), (6°), Ringleb, Berlin, Germany, LOT 19511, LOT 08623, LOT 22974), using an electric, high-speed handpiece, mounted in a surveyor device (Bego Paraskop, BEGO Bremer Goldschlägerei Wilh. Herbst, Brernen, Germany). Afterwards, all primary crown were polished with silicone polisher (CERAMASTER Coarse, Shofu, Kyoto, Japan, LOT 0216164), brushes, and a polishing paste (Zircon-Brite, Dental Ventures of America, Corona, CA, USA, LOT 7670), using a handpiece. Accuracy of dimension in each types of the primary crown was researched. CT images of the primary crown were taken using a microfocus X-ray CT. The captured images were converted to 3D construction images using the 3D volume rendering software VG Studio Max1.2 (Volume Graphics, Heidelberg, Germany) 22) . The taper of the primary crown was measured with VG Studio Max on the CT images in regard to major axis side and minor axis side. The taper of the primary crown fabricated at 2° was 2.02° with major axis side and 1.98° with minor axis side. The taper of the primary crown fabricated at 4° was 4.04° with major axis side and 4.04° with minor axis side. The taper of the primary crown fabricated at 6° was 6.04° with major axis side and 6.02° with minor axis side. Accuracy of dimension in each types of the primary crown was verified.
First, the measurements of the fabricated primary crown were acquired using the D-810 scanner (3shape, Copenhagen, Denmark). Then, the design of the secondary crown was created using CAD software (Dental System 2015, 3shape), based on the primary crown data. The minimal thickness of the secondary crown was set at 0.4 mm. The space between the primary crown and secondary crown was set as 0 and 10 μm. Two knobs with different lengths were also allocated to the outside surface of the secondary crown to measure retentive force. The difference in the lengths of the two knobs was used as an index for the repositioning direction of the secondary crown. Five secondary crowns were produced for each of the spacing conditions using the CAD/CAM. Sintering of the secondary crown was performed using a sintering program with the same conditions as those set for the primary crown. The secondary crowns were not polished (Fig. 1) .
After the secondary crown was repositioned on the primary crown, a 50 or 100 N load was placed on the secondary crown for 15 s using a tensile testing machine (EZTest, Shimadzu, Kyoto, Japan). The position of the secondary crown was standardized with the direction of the longer knob of the secondary crown being on the same side of the primary crown knob. Then, a polyethylene line was placed on the knob on the secondary crown, and vertical traction was exerted on the outer crown with a crosshead speed of 40 mm/min (Fig. 2) . The maximum measured value was recorded as the retentive force. The measurements were taken five times, and the mean values were calculated. First, the secondary crown was repositioned on the primary crown, and CT images of the primary and secondary crown were taken using a microfocus X-ray CT (SMX-130CT, Shimadzu), with no load, a 50 or 100 N load using a pressure testing machine for 15 s. A microfocus X-ray CT was used for nondestructive testing. The imaging conditions were set as 130 kV for the X-ray tube voltage and 120 μA for the tube current. The captured images were converted to 3D construction images using the 3D volume rendering software VG Studio Max1.2. The interspace between primary and secondary crowns was measured with VG Studio Max on the CT images (Fig. 3) . The length of settling was the interspace with a 50 or 100 N load and the interspace with no load.
A two-way factorial analysis of variance (ANOVA) of the retentive force and settling at 50 and 100 N loads was performed with the factors and levels shown in Table 2 . The level of significance was set as 5%. When the taper was found to be a significant factor multiple comparisons were conducted using the Bonferroni correction method. IBM SPSS Statistics ver. 19 (IBM Japan, Tokyo, Japan) was used for the analyses. Power analysis was performed for support the sample size. Power (1-β) was calculated from the sample size, the level of statistical significance, and the effect size. The pη 2 was calculated to the effect size 23) . G Power software (Ver. 3.1, Heinrich Heine University, Düsseldorf, Germany) was used for the power analysis 24) .
RESULTS
After loading, no fracture or crack was found in all samples and four examined Power (1-β) were the same value. The taper was found to have a significant effect on retentive force at a 50 N load (p<0.001). The multiple comparison results showed significance at all levels. The measured retentive forces are shown in Fig. 4 . The mean retentive force was 23 N with a 2°, 8 N with a 4°, and no retentive force with a 6° taper. The space setting was not significant (p=0.129). The interaction was not significant (p=0.524). Power (1-β) as calculated from the sample size, level of statistical significance, and size effect was 1.00.
The taper was also found to be a significant factor at a 100 N load (p<0.001). The multiple comparison results showed significance at all levels. The measured retentive forces are shown in Fig. 5 . The mean retentive force was 47 N with a 2°, 15 N with a 4°, and no retentive force with a 6° taper. The space setting was not significant (p=0.215). The interaction was not significant (p=0.499). The power (1-β) was 1.00.
The taper was found to have a significant effect on the settling at a 50 N load (p<0.001). The multiple comparison results showed significance at all levels. The measured settling amounts are shown in Fig. 6 . The mean settling was 234 μm with a 2°, 135 μm with a 4°, and 26 μm with a 6° taper. The space setting was not significant (p=0.086). The interaction was not significant (p=0.135). The power (1-β) was 1.00.
The taper was also found to have a significant effect on the settling at a 100 N load (p<0.001). The multiple comparison results showed significance at all levels. The measured settling amounts are shown in Fig. 7 . The mean settling was 286 μm with a 2°, 162 μm with a 4° and 60 μm with a 6° taper. The space setting was not significant (p=0.227). The interaction was not significant (p=0.267). The power (1-β) was 1.00.
DISCUSSION
In this study, the taper, primary and secondary crown space, and the load were controlled. The retentive force with the conventional telescopic crown method is generated when the secondary crown is fitted onto the primary crown by applying a force to the secondary crown, and even when that force is removed the secondary crown retains its position, exhibiting a wedge effect 16, 19) . In other words, surface drag is generated on the contact surfaces of the primary and secondary crown, and this becomes the retentive force. Theoretically, the retentive force can be adjusted by controlling the taper, load, and coefficient of static friction. For example, if the taper is small and the load is large, the coefficient of static friction increases, and then the retentive force increases as a result. Furthermore, reports show that if there is no gap between the occlusal surfaces of the primary and secondary crown during fitting, the retentive force due to the wedge effect will not be expressed. Based on the above information, the taper, the setting of the space, and the load were investigated in the current study.
The taper was initially set at 6°, which is the setting frequently used in clinical practice for conventional telescopic crowns, which is 6° taper 19) . In the preliminary experiment, the Ce-TZP/A coefficient of static friction was 0.1. This is 0.3 to 0.4 25) smaller than a metal alloy, therefore additionally, taper of 2° and 4° were investigated.
The space between the primary crown and secondary crown was set at 0 and 10 μm. Perel 20) compared the retentive force after embedding the secondary crown wax pattern in investment compounds with differing amounts of expansion and fabricating the secondary crown pattern. Therefore, in this study, the effects of the space settings between the primary crown and secondary crown on the retentive force were investigated.
The load was set as 50 and 100 N. Niwatcharoenchaikul et al. 26) measured the occlusal forces generated in complete dentures, and reported that peanuts generated forces of 161 to 181 N. Anderson 27) measured the occlusal forces in natural teeth and reported it as 8 kg or less. The occlusal forces exerted on the outer crowns in this study were chosen based on the above information.
Güngör et al. 19) reported that the telescopic crowns retentive force increases as the taper becomes smaller. In this study, similar results were found with all load conditions irrespective of the primary and secondary crown space setting. Conversely, the settling increases with smaller taper. If wedges with different tapers are driven in with the same amount of force, sharp wedges are driven in more easily and go in the deepest, making removal difficult. In other words, even with telescopic crowns, if the taper is small, a large surface drag is generated and a high level of retentive force is generated due to the wedge effect 4, 16, 19, 20) . The appropriate retentive force in clinical practice is 5 to 9 N for one abutment device, and the taper that expresses this retentive force in metal alloys is 6° taper 19) . In this study, the condition under which the appropriate retentive force was achieved a 4° taper with a 50 N load. The differences in the tapers can be explained by the material's coefficient of static friction. Ohida et al. 25) used Körber's equation for the telescopic crown retentive force, and compared the retentive forces of Co-Cr alloys, Ti alloys, Pd-Ag alloys, and Au alloys. According to that report, the coefficient of static friction was approximately 0.2, 0.3, 0.35, and 0.4, respectively. In other words, the tapers of Co-Cr alloys, Ti alloys, and Pd-Ag alloys must be set at a lower value than that of Au alloys. The Ce-TZP/A coefficient of static friction was found in the preliminary experiment to be 0.1, so the tapers was set at 4°, which is smaller than the metal alloy tapers of 6°. Furthermore, Fingerhut et al. 28) reported that there was a correlation between the retentive force/the load and the tapers, using Y-TZP crowns with a coefficient of static friction of 0.08. They found that the appropriate retentive force was expressed when the taper was approximately 3° with a 50 N load. They also measured the retentive forces with tapers of 2° and 6° and found them to be approximately 20 and 0 N, respectively. This was close to the results of this study.
The results of this study demonstrate that the primary and secondary crown space settings did not affect the retentive force and the settling. An increase in size of friction area increases the retentive force 25, 29) . In other words, the contact area of the crown axis surface is closely related to the retentive force. The effect of the taper is extremely resilient to incompatibilities between the primary and secondary crown 20) . They found that even if the secondary crown is deformed during the casting process, as long as the cone angle is kept constant, the primary and secondary crown are secured by the crown axis surface, and their position is maintained effectively. In this study, the primary and secondary crown spacing did not affect the crown axis surface contact area. As a result, it is also thought to not affect the retentive force and the settling.
When the retentive force with 50 and 100 N loads was compared, approximately two times the retentive force was achieved with the 2° and 4° tapers. Similar results were obtained with conventional studies using dental alloys 16, 19, 20) . Conversely, the results of the settling in this experiment indicated that the larger the load amount, the greater the settling. That is to say, the secondary crown underwent elastic deformation due to the load. Therefore, if the load increases, the amount of elastic deformation of the secondary crown also increases, and that contractile force is probably expressed as a high retentive force 19) . According to this laboratory study, telescopic Ce-TZP/A crowns with a 2° taper showed the highest retentive force values, whereas taper 6° showed the lowest retentive force values. The increase of the load led to the increase of the retentive force. The space setting showed no effect on the retentive force.
Telescopic Ce-TZP/A crowns with a 2° taper showed the highest settling amounts values, whereas taper 6° showed the lowest settling amounts values. The increase of the load led to the increase of the settling. The space setting showed no effect on the settling. The taper of telescopic Ce-TZP/A crowns affected the retentive force and the settling of secondary crowns.
Based on this study, 4° taper with a 50 N load is the most appropriate. At 2° taper and 4° taper, the settling of the secondary crown exhibited the wedge effect and brought about retentive force. The above results show that telescopic Ce-TZP/A crowns will be available in clinical applications. However, further research is needed to validate the telescopic crowns using Ce-TZP/A, including an assessment of the morphology of the primary crown and secondary crown, the effect of repeated application and removal of the secondary crown on retentive force, and quantification of the various errors during the manufacturing process.
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